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OPTICAL PICKUP DEVICE AND OPTICAL 
RECORDING MEDIUM REPRODUCING 

DEVICE 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 
The present invention relates to an optical pickup device 

and an optical recording medium reproducing device. 
2) Description of the Related Art 
Conventionally, there is knoWn an optical pickup device 

that reads information recorded in an optical recording 
medium such as a compact disc (CD) or a digital video disc 
(DVD) by a laser beam. The optical pickup device at least 
includes a light source that outputs a laser beam, an optical 
system that focuses laser beams output from the light source 
on a recording layer in the optical recording medium, and a 
light receiving unit that receives a return light from the 
recording layer. The optical pickup device uses the mecha 
nism to irradiate a laser beam on the optical recording 
medium and to read information recorded in the recording 
layer based on an intensity of the return light acquired in the 
light receiving unit, or the like. 

In the optical pickup device, a laser beam output from the 
light source is required to be focused on a spot having a 
predetermined diameter in the recording layer to avoid occur 
rence of reading error or the like as much as possible. Par 
ticularly, in recent years, a recording density is remarkably 
improved along With a larger capacity of the optical recording 
medium, thus a smaller spot diameter is required to be real 
iZed. Therefore, there has been proposed an optical pickup 
device that mounts a phase correcting unit for avoiding occur 
rence of a Wavefront aberration Which causes enlargement of 
a spot diameter as Well as a design feature of the optical 
system. 
The phase correcting unit is positioned betWeen the light 

source and the optical recording medium, and is formed to 
include a liquid crystal panel, for example. A liquid crystal 
material contained in the liquid crystal panel has a structure 
Where an index of refraction changes according to an applied 
voltage so that an appropriate applied voltage is selected to 
compensate for a phase difference in a laser beam that causes 
a Wavefront aberration and to restrict occurrence of the Wave 
front aberration to a permissible degree (see Japanese Patent 
Application Laid-Open No. H9-128785). 

HoWever, since there are many factors that may cause the 
Wavefront aberration, in the optical pickup device having a 
mechanism that uses a plurality of laser sources to read infor 
mation recorded in a plurality of kinds of recording mediums, 
it is di?icult to compensate for a phase difference in a laser 
beam and to restrict occurrence of the Wavefront aberration 
only by applying an appropriate applied voltage to a liquid 
crystal panel. Particularly, in using Blue ray Disk (BD) and 
DVD, the Wavefront aberration easily in?uences reading of 
these optical recording mediums. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve at least the 
problems in the conventional technology. 
An optical pickup device according to an aspect of the 

present invention includes a light source that outputs a light; 
an optical system through Which the light is passed to thereby 
form a light spot on a surface of an optical recording medium; 
an optical system aberration correcting unit that corrects an 
optical system Wavefront aberration that occurs While the 
light passes through the optical system so that the light that 
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2 
illuminates the surface is less in the optical system Wavefront 
aberration; a medium aberration correcting unit that corrects 
a medium Wavefront aberration that occurs due to an angle 
betWeen the light that illuminates the surface and the surface 
so that the light that illuminates the surface is less in the 
medium Wavefront aberration; and a light receiving unit that 
receives a light that is re?ected the surface. 
An optical recording medium reproducing device accord 

ing to another aspect of the present invention performs light 
irradiating on an irradiated surface of an optical recording 
medium and reproduces information recorded in the optical 
recording medium based on a return light of the irradiated 
light. The optical recording medium reproducing device 
includes a plurality of light sources that output an irradiating 
light; an optical system that forms a spot on the irradiated 
surface based on the irradiating light output from the light 
sources; an optical system aberration correcting unit that 
corrects an optical system Wavefront aberration that occurs 
While the irradiating light passes through the optical system; 
a medium aberration correcting unit that corrects a medium 
Wavefront aberration that occurs based on an angle betWeen 
the irradiated surface and the irradiating light in the irradiated 
surface; a light receiving unit that receives a return light 
Whose Wavefront aberration is corrected by the optical system 
aberration correcting unit and the medium aberration correct 
ing unit; and a demodulating unit that demodulates informa 
tion recorded in the optical recording medium based on a 
return light received in the light receiving unit. 
The other objects, features, and advantages of the present 

invention are speci?cally set forth in or Will become apparent 
from the folloWing detailed description of the invention When 
read in conjunction With the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of an optical recording 
medium reproducing device according to a ?rst embodiment 
of the present invention; 

FIG. 2A is a side vieW of a liquid crystal panel; 
FIG. 2B is a schematic diagram for explaining the opera 

tion of the liquid crystal panel shoWn in FIG. 2; 
FIG. 2C is a graph of a voltage applied to a transparent 

electrode provided in the liquid crystal panel and a phase 
difference Which occurs in a transmitted light; 

FIG. 3A is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting a medium Wave 
front aberration; 

FIG. 3B is a schematic diagram of an electrode pattern of a 
transparent electrode used for correcting an optical system 
Wavefront aberration; 

FIG. 4 is a ?owchart for explaining a process procedure 
performed by a control mechanism shoWn in FIG. 1; 

FIG. 5 is a graph of an inclination of an optical recording 
medium and a variance of a Wavefront aberration in using a 

DVD; 
FIG. 6 is a graph of an inclination of the optical recording 

medium and a variance of the Wavefront aberration in using a 
BD; 

FIG. 7A is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting the medium Wave 
front aberration according to a ?rst variant of the ?rst embodi 
ment; 

FIG. 7B is a graph of an inclination of the optical recording 
medium and a variance of the Wavefront aberration in using a 
BD according to the ?rst variant; 

FIG. 8 is a graph of a change in the variance of the Wave 
front aberration relative to a displacement in the positional 
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relationship between an objective lens and the liquid crystal 
panel in using a DVD according to the ?rst variant; 

FIG. 9 is a graph of a change in the variance of the Wave 
front aberration relative to a displacement in the positional 
relationship betWeen the objective lens and the liquid crystal 
panel in using a BD according to the ?rst variant. 

FIG. 10A is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting the optical system 
Wavefront aberration according to a second variant of the ?rst 
embodiment; 

FIG. 10B is a schematic diagram of a voltage applied to 
each pattern When correcting the optical system Wavefront 
aberration according to the second variant; 

FIG. 11A is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting the optical system 
Wavefront aberration according to a third variant of the ?rst 
embodiment; 

FIG. 11B is a schematic diagram of a voltage applied to 
each pattern When a comatic aberration occurs as the optical 
system Wavefront aberration according to the third variant; 

FIG. 11C is a schematic diagram of a voltage applied to 
each pattern When astigmatism occurs as the optical system 
Wavefront aberration according to the third variant; 

FIG. 12A is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting the optical system 
Wavefront aberration according to a fourth variant of the ?rst 
embodiment; 

FIG. 12B is a schematic diagram of a voltage applied to 
each pattern When a comatic aberration occurs as the optical 
system Wavefront aberration according to the fourth variant; 

FIG. 12C is a schematic diagram of a voltage applied to 
each pattern When a spherical aberration occurs as the optical 
system Wavefront aberration according to the fourth variant; 

FIG. 13A is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting the optical system 
Wavefront aberration according to a ?fth variant of the ?rst 
embodiment; 

FIG. 13B is a schematic diagram of a voltage applied to 
each pattern When a comatic aberration occurs as the optical 
system Wavefront aberration according to the ?fth variant; 

FIG. 13C is a schematic diagram of a voltage applied to 
each pattern When astigmatism occurs as the optical system 
Wavefront aberration according to the ?fth variant; 

FIG. 13D is a schematic diagram of a voltage applied to 
each pattern When a spherical aberration occurs as the optical 
system Wavefront aberration according to the ?fth variant; 

FIG. 14 is a schematic diagram of an optical recording 
medium reproducing device according to a second embodi 
ment of the present invention; 

FIG. 15A is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting the medium Wave 
front aberration according to a variant of the second embodi 
ment; and 

FIG. 15B is a schematic diagram of an electrode pattern of 
a transparent electrode used for correcting the optical system 
Wavefront aberration according to the variant of the second 
embodiment. 

DETAILED DESCRIPTION 

Exemplary embodiments of an optical pickup device and 
an optical recording medium reproducing device according to 
the present invention Will be explained beloW in detail While 
referring to the accompanying draWings. It should be noted 
that the draWings are schematic and that a relationship 
betWeen thickness and Width in each portion, ratios of thick 
nesses in respective portions, and the like are different from 
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4 
actual ones, and it is natural that portions With mutually 
different dimensional relationships or ratios are included in 
the respective draWings. The folloWing embodiments Where a 
DVD and a BD are used as an optical recording medium Will 
be explained, but an optical recording medium to be used may 
be any information recording medium from Which recorded 
information can be optically read, such as a CD or AOD 

(Advanced Optical Disc). 
FIG. 1 is a schematic diagram of an optical recording 

medium reproducing device according to a ?rst embodiment 
of the present invention. This optical recording medium 
reproducing device includes an optical pickup mechanism 1 
that has a function of irradiating a laser beam on the optical 
recording medium 14 and receiving a return light from the 
optical recording medium 14, and a control mechanism 2 that 
has a function of controlling a driving state of the optical 
pickup mechanism 1 and reproducing information based on 
the return light acquired in the optical pickup mechanism 1. 
The optical pickup mechanism 1 includes laser sources 3 

and 4 that are used according to the kind of the optical record 
ing medium 14, a dichroic prism 5 that is sequentially posi 
tioned on optical paths of the laser beams emitted from the 
laser sources 3 and 4, a polarizing beam splitter 6, a collimator 
7, a raising prism 8, a liquid crystal panel 9 that functions as 
an aberration correcting unit, a Wavelength plate 10, and an 
objective lens 11. The optical pickup mechanism 1 includes a 
detector 12 that receives a return light split in the polarizing 
beam splitter 6, and a focus adjusting mechanism 13 that has 
a function such as focus adjustment of the objective lens 11. 
In the ?rst embodiment, constituents of the optical pickup 
mechanism 1 other than the laser sources 3, 4, and the detector 
12 may be referred to as an optical system. It is noted that the 
optical system may employ any structure having a function of 
forming a spot on an irradiated surface based on a light output 
from the light source, and is not limited to the structure shoWn 
in FIG. 1. 

The laser sources 3 and 4 each have a function of outputting 
a laser beam With a Wavelength optimized for the optical 
recording medium 14 to be read. In the ?rst embodiment, a 
DVD or BD is used as one example of the optical recording 
medium 14 to be read, the laser source 3 outputs a blue laser 
beam corresponding to the BD, and the laser source 4 outputs 
a red laser beam corresponding to the DVD. 

The dichroic prism 5 re?ects a laser beam output from the 
laser source 3 to change the traveling direction by 90 degrees, 
While transmits a laser beam output from the laser source 4, so 
that the respective laser beams are incident in the polarizing 
beam splitter 6 or the like. Speci?cally, the dichroic prism 5 
has light transmission characteristics corresponding to the 
Wavelength of the incident light to re?ect substantially 100% 
of the blue laser beam output from the laser source 3, While 
having characteristics Where a re?ectivity of the red laser 
beam output from the laser source 4 is substantially 0%. 

The polarizing beam splitter 6 transmits the laser beams 
output from the laser sources 3 and 4, While re?ecting and 
introducing a return light from the optical recording medium 
14 to the detector 12. Speci?cally, the polarizing beam splitter 
6 has light transmission characteristics corresponding to the 
polarization direction of the incident light, and has character 
istics of transmitting substantially 100% of the laser beam 
With a predetermined polarization direction output from the 
laser source 3 or 4 and re?ecting substantially 100% of a 
return light With a polarization direction that is rotated by a 
predetermined angle relative to the polarization direction. 
The dichroic prism 5 and the polarizing beam splitter 6 are 
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employed in the ?rst embodiment in terms of suppression of 
optical loss, but a structure of a half mirror or the like may be 
simply employed. 
The collimator 7 converts a laser beam output from the 

laser source 3 or 4 into a parallel light ?ux. Thus the laser 
beam that passed through the collimator 7 travels as a parallel 
beam until it is refocused by the objective lens 11. 

The raising prism 8 re?ects the laser beam that passed 
through the collimator 7 and changes the traveling direction 
of the laser beam into the direction orthogonal to the surface 
of the optical recording medium 14. The optical system canbe 
constituted so that the laser beam travels in the direction 
orthogonal to the surface of the optical recording medium 14 
When it passes through the collimator 7, but in the ?rst 
embodiment the optical system can be constituted so that the 
laser beam travels halfWay in the direction parallel to the 
surface of the optical recording medium 14 and then changes 
the traveling direction by the raising prism 8 to avoid enlarge 
ment of the entire device. 

The liquid crystal panel 9 reduces, and more preferably 
eliminates a phase difference of a passing laser beam, and 
restricts the degree of a Wavefront aberration, Which occurs 
When the laser beam forms a spot on the optical recording 
medium 14 Within a permissible range. A speci?c structure of 
the liquid crystal panel 9 and operations thereof Will be 
explained beloW in detail. 

The Wavelength plate 10 converts a laser beam incident in 
a linearly polariZed state into a circularly polariZed state. 
According to the ?rst embodiment, since a laser beam irradi 
ated on the optical recording medium 14 is required to be in 
the circularly polariZed state, the polariZed state is converted 
by the Wavelength plate 10. The Wavelength plate 10 acts on 
a return light, and polariZes a return light from the circularly 
polariZed state into the linearly polariZed state. The polariZa 
tion direction of the return light after conversion is rotated by 
a predetermined angle relative to the polariZation direction of 
the laser beam before being incident in the Wavelength plate 
10, and the rotation of the polariZation direction alloWs the 
return light to be re?ected on the polariZing beam splitter 6 
and to be incident in the detector 12. 

The objective lens 11 focuses laser beams converted into 
parallel beams by the collimator 7, and forms a spot With a 
predetermined diameter on the recording layer Within the 
optical recording medium 14. FIG. 1 depicts a state Where the 
objective lens 11 is constituted as a single lens, but it may be 
constituted by lenses. Any lens shape can be employed. 

The focus adjusting mechanism 13 deals With a displace 
ment of the spot forming position in an optical axis direction 
caused by a difference in the kind of the optical recording 
medium 14 and adjusts the focus of the objective lens 11. 
According to the ?rst embodiment, the focus adjusting 
mechanism 13 has a function of ?nely adjusting the position 
of the objective lens 11 in a tracking direction (a radial direc 
tion in the mechanism Where the optical recording medium 14 
has a disc shape and rotates about the center of the disc) to 
folloW the recording spot Within the recording layer. The 
focus adjusting mechanism 13 may have only the focus 
adjusting function, and the ?ne adjustment of the objective 
lens 11 in the tracking direction may be performed by another 
mechanism. 

The detector 12 receives a return light from the optical 
recording medium 14 and outputs an electric signal corre 
sponding to the received return light to the control mechanism 
2. Speci?cally, the detector 12 is formed to include a photo 
diode, for example. 
As shoWn in FIG. 1, the control mechanism 2 includes an 

amplifying unit 15 that ampli?es an electric signal output 
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6 
from the detector 12, a demodulating unit 16 that demodu 
lates an ampli?ed electric signal, a controller 17, to Which an 
ampli?ed electric signal is input, that performs a control 
based on the electric signal or the like in addition to general 
driving controlling, an optical system Wavefront aberration 
information storage unit 18 that stores information on an 
optical system Wavefront aberration described later and out 
puts the information to the controller 17 as needed, and a 
medium determining unit 19 that determines the type or the 
like of the optical recording medium 14 to be reproduced and 
outputs the determination information to the controller 17. 
Further, the control mechanism 2 includes a medium Wave 
front aberration correction voltage generating unit 20 that 
generates a voltage for correcting a medium Wavefront aber 
ration described later based on an instruction from the con 
troller 17, and a liquid crystal driver 21 that transmits the 
generated voltage to the liquid crystal panel 9. Moreover, the 
control mechanism 2 includes an optical system Wavefront 
aberration correction voltage generating unit 22 that gener 
ates a voltage for correcting an optical system Wavefront 
aberration based on an instruction from the controller 17, and 
a liquid crystal driver 23 that transmits the generated voltage 
to the liquid crystal panel 9. 
The liquid crystal panel 9 provided in the optical pickup 

mechanism 1 Will be explained. The liquid crystal panel 9 
restricts, and more preferably eliminates the degree of a 
Wavefront aberration Which occurs in a laser beam irradiated 
on the recording layer in the optical recording medium 14, 
and restricts enlargement of a spot region formed on the 
recording layer by a laser beam. Since the Wavefront aberra 
tion is generally caused by existence of optical components 
having different phases in a laser beam, the liquid crystal 
panel 9 reduces or eliminates the phase difference betWeen 
the optical components, thereby restricting or eliminating 
occurrence of the Wavefront aberration. 

FIG. 2A is a side vieW ofthe liquid crystal panel 9, FIG. 2B 
is a diagram for explaining an operation principle of the liquid 
crystal panel 9, and FIG. 2C is a graph of a voltage applied to 
the liquid crystal panel and a phase difference. As shoWn in 
FIG. 2A, the liquid crystal panel 9 includes a liquid crystal 
layer 25 containing liquid crystal molecules, and glass sub 
strates 26 and 27 positioned to sandWich the liquid crystal 
layer 25. Transparent electrodes 28 and 29 each including a 
predetermined electrode pattern are formed on the inner sur 
faces (surfaces in contact With the liquid crystal layer 25) of 
the glass substrates 26 and 27, respectively. 
The operation principle of the liquid crystal panel 9 Will be 

explained. The liquid crystal molecules contained in the liq 
uid crystal layer 25 have characteristics Where the molecule 
structure has anisotropy so that an index of light refraction is 
changed according to the incident direction relative to a mol 
ecule. Since the orientation, Which is the direction of the long 
axis of the liquid crystal molecule, changes due to an electric 
?eld applied to the liquid crystal molecule, a predetermined 
voltage is applied betWeen the transparent electrodes 28 and 
29, thereby controlling the index of light refraction in the 
liquid crystal layer 25. 

FIG. 2B depicts a simple operation model. Speci?cally, the 
potential of the transparent electrode 29 is maintained at VIO, 
While the opposite transparent electrode 28 is divided into tWo 
transparent electrodes 28a and 28b, and the potentials VIO 
and V:Von (#0) are supplied to the transparent electrode 28a 
and the transparent electrode 28b, respectively. With this 
structure, the index of refraction in the region sandWiched by 
the transparent electrodes 28b and 29 in the liquid crystal 
layer 25 maintains the initial value no, While the orientation of 
the liquid crystal molecules is changed due to the potential 




















